Circular dichroism (CD) measurements on the coat protein of narcissus mosaic virus particles show that the dominant secondary structure is the or-helix, with a 45 ( + 2) % content. The/3-sheet content is much lower at 5 (+ 3)%. Both values are essentially the same as those found in potato virus X coat protein. The CD results are used to assess the results of secondary structure prediction methods.
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Narcissus mosaic virus (NMV) is a member of the potexvirus group of plant viruses. As part of our structural studies of the potexviruses we have used circular dichroism (CD) spectroscopy to determine the relative amounts of a-helix and fl-sheet structures in the NMV coat protein subunits. The technique has already been used in the study of potato virus X (PVX) coat protein (Homer & Goodman, 1975) , and we were interested in comparing the results for the two viruses. We have also been applying protein secondary structure prediction methods to the virus coat proteins (Sawyer et al., 1987) and, in the absence of X-ray diffraction structural information, the CD results provide experimental data which form a basis for comparison with the results of prediction methods.
Isolate MC of NMV, a single-lesion isolate from strain M (Mowat, 1971) , was propagated in Chenopodium quinoa. Virus particles were purified and coat protein was prepared as described by Robinson et al. (1975) . The protein concentration of the solution recovered from the spectropolarimeter cell was measured by a dye-binding assay (Bio-Rad), calibrated against a dilution series of BSA.
CD spectra were recorded at 20 °C using a Jasco J-600 spectropolarimeter. Typically, protein concentrations were 0.1 mg/ml, in 0.1 M-potassium phosphate buffer at pH 7.0. A cell with a length of 0.05 cm was used and spectra were recorded over the 260 to 190 nm range (Fig.  1) . Molar ellipticity values were calculated using a value of 107.3 for the mean residue weight, which was derived from the amino acid composition determined by Short & Davies (1987) . The a-helix and fl-sheet contents were derived using the CONTIN procedure (Provencher & G16ckner, 1981 ; Provencher, 1982) . The derived values were 45 ( __ 2) % for the a-helix content and 5 ( + 3) % for the /~-sheet, and are essentially the same as the values of 44% and 5 %, respectively, reported for PVX protein (Homer & Goodman., 1975) . The dominant secondary structure is, therefore, the a-helix, although approximately half the amino acids are in regions of less definite structure. The precision of the experimentally derived values of a-helix and ]~-sheet is based on a fitting procedure using 16 globular proteins with known X-ray structures, and on the estimated accuracy of the protein concentration determination. The fitting of the spectrum depends on the extent to which the protein is typical of those in the data set. The CD spectrum below 200 nm is somewhat 'noisy', due to the high absorbance of the sample in that range. The intensity of the spectrum in this region is very similar to that of PVX protein, and reflects the contributionofthe protein that does not adopt an a-helix or /3-sheet structure, which tends to reduce the intensity.
The primary structure of NMV coat protein is known, following the nucleotide sequence determination of the genomic RNA (Zuidema et al., 1989) . We have used this sequence to perform secondary structure predictions, using the same procedure that we used previously (Sawyer et al., 1987) . This is the combination method suggested by Eliopoulos et al. (1982) , and in our application involves combining eight prediction methods. When we compared the predicted secondary structures in PVX and papaya mosaic virus coat proteins (Sawyer et al., 1987) we assigned an a-helix and p-sheet structure if at least five of the eight methods predicted them to be so. The CD results enable us to check whether this was reasonable or not. predicted ~-helix and/?-sheet content for both NMV and PVX proteins when five, four and three methods agree.
The results are shown in Table 1 . Despite our desire not to overpredict, they suggest that our previous assignment rule of requiring at least five methods to agree was too stringent, and that overall, a requirement of at least four methods gives the best fit to the experimental data. This is confirmed when the same prediction procedure is applied to tobacco mosaic virus (TMV) protein (see Table 2 ). In the case of TMV coat protein, the location of the a-helices along the protein chain is known from X-ray crystallography studies of TMV protein discs (Bloomer et al., 1978) and X-ray diffraction studies of TMV itself (Namba & Stubbs, 1986) . To summarize, the CD results for NMV protein show that the dominant secondary structure is the a-helix, and that the amount of c~-helix is essentially the same as in PVX protein. The results of the combined prediction procedure suggest that meaningful conclusions may be based on these if the requirement of agreement by at least four methods is used in predicting an ~-helix structure.
